We show that for a string moving in a background consisting of maximally symmetric gravity, dilaton field and second rank antisymmetric tensor field, the O(d) ⊗ O(d) transformation on the vacuum solutions gives inequivalent solutions that are not maximally symmetric. We then give a generalised definition of maximal symmetry when torsion is present and show that this generalised maximal symmetry can be preserved under certain conditions.This is interesting in the context of string related cosmological backgrounds. 
I.Introduction
Some time back it was shown that the low energy string effective action possesses, for time dependent metric G µν , torsion B µν and dilaton Φ background fields (µ, ν = 1, 2, ..d) a full continuous O(d,d ) symmetry ( a genaralisation of T-duality in string theory) under which "cosmological" solutions of the equations of motion are transformed into other inequivalent solutions [1] . Subsequently, a generalisation to this was obtained [2] . These transformations are conjectured to be a generalisation of the Narain construction [3] to curved backgrounds.
Here we investigate the consequences of this O(d) ⊗ O(d) transformation
on the space-time symmetries of the theory. We consider a string propagating in a gravity, dilaton and second rank antisymmetric tensor background and show that if the full metric corresponding to a given background is maximally For a maximally symmetric space-time [4] the curvature
K is the curvature constant proportional to the scalar curvature R i i . Two maximally symmetric metrics with the same K and the same number of eigenvalues of each sign, are related by a coordinate diffeomorphism [4] .
II.The O(d) ⊗ O(d) Invariance of the String Effective Action
Now consider the low energy effective action of string theory in D spacetime dimensions. This is [5] :
where
and Λ is the cosmological constant equal to for the fermionic string. It has been shown that [2] for
background fields independent ofŶ m , and
If one of the coordinatesŶ 1 is time-like, then the action (2) is invariant
with η = diag (-1, 1, ........1) ; S, R some O(d-1, 1) matrices satisfying
, and
In component form the transformed fields are given by [2] :
The equations of motion obtained from (2) are
III.Construction of Maximally Symmetric Solutions
Maximal symmetry implies
i.e.
We can show that for B µν = 0, the only maximally symmetric solution is that for which the dilaton background is a constant and the curvature constant K = 0 [6] . Here we shall discuss in detail the more general case where B µν = 0.
For B µν = 0, maximally symmetric solutions to (9) are for D = 3 [6]
and
Now consider the case of B µν = 0. We take the metric as
and assume that the curvature is small. Why we assume this will be evident
shortly. The equations (12) imply
and ∂
(9b) then yields [6] 
This means that α 2 is of the order of K. The equation of motion for H µνλ (i.e. (9c)) is satisfied for the derived solutions (14) and (15) except when µ = 1, ν = 0 and this non-vanishing part is
For B µν = 0, these solutions are valid and can be made compatible with the equations of motion as follows. In the light of (13b,c), (16) and the assumption of small K, (17) is of the order of K 5 2 . Retaining upto terms linear in the curvature, (17) may be ignored and the equations of motion satisfied. So in this approximation of small curvature, we can have maximally symmetric solutions with f t and f 1 , in conjunction with Φ = αr + β and a non-vanishing B µν . We confine ourselves to the case of positive curvature.
Identical conclusions also holf for negative curvature. (13a) and (12b) give the solution for B µν as [6] 
so our starting solution with a maximally symmetric metric is (13), (15) and (18). Using (8), the twisted solutions arê
The analogues of (12a) is now
and this may be solved to get the antisymmetric tensor field as :
(19b) and (21) can never be matched to be identical for any value of θ. So maximal symmetry is not preserved under the 0(d) ⊗ 0(d) transformation.
IV.The Meaning of Maximal Symmetry when torsion is present
We now give a possible generalisation of the meaning of maximal symmetry when torsion is present [7] .
Presence of torsion implies that the affine connectionsΓ 
The generalised curvatureR λ µνβ does not have the usual symmetry (antisymmetry) properties.
Let ξ µ be a Killing vector defined through the condition:
This condition is preserved also in the presence of H α µν .
Equation (35) for a Killing vector hence takes the form :
The H α βν are arbitrary and so we may choose them to be such that
This is a constraint on the H α βν and not the ξ ν . Therefore :
We now impose the cyclic sum rule onR (27) and (29b) [7] .
R λ µνβ is antisymmetric in the indices ν and β once the above constraints are satisfied. Proceeding as in ref. [4] we have :
R λµνβ , R βµ are functions of the symmetric affine coefficients Γ only, whereas R λµνβ ,R βµ are functions of both Γ and H. Moreover, to start with Γ and H are independent. Hence in equation (32) we are justified in equating corresponding terms on both sides and get the following two equations :
The above two equations lead to
Note thatR
If we now demand thatR µν =R νµ we have the constraint
which is same as (29b) with β = λ. Under these circumstances
Now using arguments similar to those given in Ref. [4] for the Bianchi identities we can conclude that [7] 
Therefore, in the presence of torsion the criteria of maximal symmetry has been generalised through the equations (34b), (38) and (39). The physical meaning is still that of a globally constant curvature (which now also has a contribution from the torsion).We emphasize that in (39c) K andK are separately constants. The torsion fields are subject to the constraints (27), (29b), and (39b).We mention that relations exactly similar to eqs.(37) have been obtained in [9] in a totally different context.
V.The Question of Duality Invariance In Presence Of Torsion
Let us investigate whether this generalised maximal symmetry can be preserved by the 0(d) ⊗ 0(d) twist. For simplicity we take D = 3. It can be shown that for the metric of the type (13a) this is not possible. However, consider a more general form viz.
For D = 3, the torsion H α µν is just H r t1 . It is readily verified that such a torsion is consistent with (27) and satisfies (29b). (39b) now means
Now, generalised maximal symmetry implies that
These equations lead to respectively
The solutions to eqs.(43a − 43c) can be formally written as :
There can be many possible solutions to the above equations.We reject the solution Q = 0 i.e. f 1 = const. as it can be shown that the generalised maximal symmetry cannot be preserved.
For generalised maximal symmetry to prevail we have the analogue of
The beautiful thing is that the relations (45) are exactly equivalent to (39b) under the identification ofK withK. Actually it can be readily shown that K andK are proportional so that this identification is consistent.
Here 
VI.Conclusion
We have thus shown that the O(d)⊗O(d) twist on maximally symmetric vacuum solutions gives inequivalent solutions that are not maximally symmetric. However, a generalised definition of maximal symmetry can be given (taking into account torsion) and this may be preserved by the O(d) ⊗O(d) transformation under certain conditions. Our work is therefore crucially important in the context of string related cosmology.We have seen that the background spacetime of string theory necessarily has torsion in the form of a second rank antisymmetric tensor field.Even if one starts with a torsion free background,duality transformation automatically generates solutions with torsion.The concept of isotropic and homogenous universe in cosmology which is realized usually in the form of Robertson-Walker metric must therefore be changed when torsion is present.Our work is thus a step towards a consistent cosmological background in the context of string theory.
